WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

A61K 31/44, 31/47, 31/475, C07D 401706, 
413/06, 417/06, 211/82, 213/24, 215/06 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO !>7/17076 

15 May 1997 (15.05.97) 



(21) International Application Number: PCT/US967 17942 

(22) International Filing Date: 8 November 1996 (08.11.96) 



(30) Priority Data: 
08/555,529 



9 November 1995 (09.11.95) US 



(71) Applicant: BIOMETOIC IMAGING, INC. [US/US]; 1025 
Bella Avenue, Mountain View, CA 94043 (US). 



(72) Inventor: LEE, Linda, G. 
94303 (US). 



3187 Stelling Drive, Palo Alto, CA 



(74) Agents: PARKHURST, David, G. et al.; Fulwider Patton Lee 
& Utecht, L.L.P., 10th floor, 10877 WUshire Boulevard, Los 
Angeles, CA 90024 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY, 
CA. CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IL, 
IS. JP, KE, KG, KP, KR, KZ. LK, LR, LS, LT. LU. LV, 
MD, MG, MK, MN, MW, MX, NO. NZ, PL, PT, RO, RU, 
SD, SE. SG. SI, SK, TJ, TM, TR, TT, UA, UG, UZ, VN, 
ARIPO patent (KE, LS. MW, SD, SZ, UG), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, DE, DK, ES. FI, FR, GB, GR, BE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international scorch report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: FLUORESCENT DNA-INTERCALATTNG CYANINE DYES INCLUDING A POSITIVELY CHARGED BENZOTHIAZOLE 
SUBSTTTUENT 




(57) Abstract 

New intercalating cyanine dyes are provided in which the benzotbiazole portion of the cyanine dye has been modified to produce 
dyes with improved properties for labelling nucleic acids. This class of fluorescent cyanine dyes are represented by general formula (1) 
where the definitions for the variables can be found in the claims. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


CN 


Guinea 


NE 


Niger 


BB 




GR 


Greece 


NL 


Netherlands 


BE 




HU 


Hungary 


NO 


Norway 


BF 




IE 


Lebuid 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


kaly 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


FT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgyatan 


RU 




CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sudan 


CP 


Central African Republic 




of Korea 


SE 


Sweden 


CC 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 




SI 


Slovenia 


a 


COte<rivoire 


U 




SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 




LR 


Liberia 


sz 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DB 


Germany 


LV 


Latvia 


Ti 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


MaS** 


UG 


Uganda 


FI 


Finland 


ML 




US 


United Stales of America 


FR 


France 


MN 


Mongolia 


UZ 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WO 97/17076 



PCT/US96/17942 



Title: FLUORESCENT ONMNTERCALATING CYANINE DYES INCLUDING 
A POSITIVELY CHARGED B ENZOTH IAZOLE SUBSTITUENT 



WgLDQFTHglNVgNnOM 

The present invention relates generally to dyes for labelling nucleic adds. 
More BpedficaBy, the present invention relates to Intercalating eyanine dyes for 
the detection and enumeration of nucleic adds. 

5 BACKGROUND OF THE INVENTION 

Intercalating dyes which exhibit enhanced fluorescence upon binding to 
DNA or RNA are a basic tool in molecular and cell biology. In general, 
intercalating dyes bind noncovalerrtfy to DNA through a combination of 
hydrophobic Interactions with the DNA base-pain* and ionic binding to the 

10 negatively charged phosphate backbone. Trie fluorescence of the dye Is 

ideally increased severaWold upon binding to DNA, thereby enabling the 
detection of small amounts of nudelc acids. Examples of fluorescent 
noncovalent DNA binding dyes include ethJdhim bromide which is commonly 
used to stain DNA to agarose gets after gel electrophoresis, and propicDum 

15 iodide and Hoechst 33258 which are used in flow cytometry to determine the 
DNA piotoy of cells. 

Fluorescent nudeic add tabeifing dyes preferably absorb Bght between 
about 300 and 900 nm and preferably have a Stokes shift of at least about 10 
nm. Dyes that absorb Bght in the 500 to 900 nm range are preferred because 

20 they are spectrally removed from other components that may be present In a 
biological sample and because they may be used with inexpensive Bght 
sources. Fluorescent dyes that have a high extinction coefficient, a high 
quantum yield, and significantly enhanced fluorescence when bound to a 
nudeic add are also preferred. 

25 Few new dye chromophores were described until the introduction of 

Thiazole Orange as a reticulocyte stain in 1986. Lee, et al., Thiazole Orange: 
A New Dye for Reticulocyte Analysis''. Cytometry 1986 7, 508-517. Thiazole 

-1 - 

SUBSTITUTE SHEET (RULE 26) 



WO 97/17076 



PCT/US96/17942 



Orange is an asymmetric cyanine dye. Although many asymmetric cyanine 
dyes have been described in the ait (e.g„ Lincoln, et al., U.S. Patent No. 
3,282,932), Thlazole Orange's fluorescence properties when bound to DNA 
and RNA and its utimy for labelling nudelc adds had not been previously 
identified. Lee. et aJ., U.S. Patent No. 4,057.870. For example, unlike most 
asymmetric cyanine dyes, Thlazole Orange exhibits a several thousand-fold 
enhancement In fluorescence upon binding to DNA. 

Since the discovery of TMazole Orange as a nudefc add dye. several 
improvements to Thlazole Orange and its trimetWne homotogs have been 
developed to provide dyes with tighter binding to DNA and greater water 
solubility. Xue, et al. U.S. Patent No. 5,321.130 and Glazer, et aL U.S. Patent 
No. 5,312.921. These dyes generally Involve a modification to the quinoBnium 
portion of the dye. 

A continuing need exists for new and improved dyes for labelling nucleic 
acids. In particular, a need exists for dyes which exhibit longer wavelengths 
and significantly enhanced fUjorescence when bound to DNA or RNA 
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SUMMARY OF THE INVENTION 

The present Invention relates asymmetric cyanine dyes for non- 
covalently labelling nucleic adds in which the benzothiazoie portion of the dye 
has been modified to provide Improved physical properties to the dye, such as 
longer wavelengths and Improved fluorescence enhancement when bound to 
DNAorRNA. 

More specifically, the invention relates to fluorescent cyanine dyes 
having a positively charged substituerrt attached to the positively charged 
nitrogen on the benzothiazoie portion of the cyanine dye. This class of 
fluorescent cyanine dyes are represented by the general formula 




where: 

n is 0,1 or 2; 

Y may be either S or O, 

Rt2 is a positively changed alkyl substituent. more 
preferably a positively charged amtooaDcyl substituent; 

Rm and R« may each independently be either 
hydrogen, C, - C„ alkyl, C, - C n alkoxy, or C, - C 10 alkytthlo; 

R„ and R« may optionally be taken together to form a 5, 
6, 7 or 8 membered ring; 

R„ maybe a C-C* alkyl, preferably substituted with 
one or more polar substituents which preferably Includes one or more 
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positively charged atoms, or a cycftzed fluorescent cyanine dye of the 
present invention, Le., where R,, is a Dnker between two cycOzed 
fluorescent cyanine dyes; 

Ru and R,, may each independently be either H or C M0 
allcyl, or may be taken together to fbrm a 5 or 6 membered ring, most 
preferably a 6 membered aromatic ring, optionally substituted with C M 
alkyl or C, - C w alkoxy groups; 

Rtt and Rjb may each independently be either H or C M0 
alkyl, or may be taken together to form a 5 or 6 membered ring, most 
preferably a 8 membered aromatic ring, optionally substituted with C, - 
Cv, alkyl or alkoxy groups; and 

^ may be either H, C^a aflcyl, C, - C M alkoxy or a fused 

benzene. 

As used above, alkyl and alkoxy refer to any substituent having a carbon 
backbone having the specified range of carbon atoms. Trie carbon backbone 
may form a straight chain, may be branched or may be cycflc. The alkyl and 
alkoxy groups may be optionally substituted by a wide variety of substituents 
including, for example, alcohols, amines, thiols, phosphates. haBdes, ethers, 
esters, ketones, aldehydes, carboxyBc adds, amides, cydoaikyls. and aromatic 
rings. 

In general, can be an aminoalkyi chain containing a backbone of 3- 
42 carbons and 1-5 positively charged nitrogen atoms as described In U.S. 
Patent No. 5,321.130 to Yue. etai which is incorporated herein by reference, 
in addition to the positively charged substituents described In U.S. Patent No. 
5.321,130, R,, is also intended to include aminoalkyi chains including a 
positively charged cydic aminoalkyi group having 1-5 positively charged 
nitrogen atoms. 

In a preferred embodiment, R,, has the general formula -R»N(R»R»oR»i) 
where R* is a C„ alkyl and R», R*. and R* are each Independently a C wo 
alkyl. 
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In an alternate preferred embodiment and are taken together to 
form a 5, 6, 7 or 8 membered ring where the ring includes a positively charged 
alkyi substttuent, more preferably an aminoalkyt chain containing a backbone 
of 3-42 carbons and 1 -5 positively charged nitrogen atoms as described in 
5 U.S. Patent No. 5,321,130 to Yue, et al. Dyes of this embodiment may be 
generally represented by the general formula 




where R« and represent the atoms necessary to form a 5 9 6, 7 or 8 
membered ring and is a positively charged alkyl eubstftuent, as specified 
above with regard to R^ which may be attached to any atom used to form the 

10 5, 6, 7 or 8 membered ring as represented by R^ and R». 

As used above, aOcyl and afkoxy refer to any substttuent having a carbon 
backbone having the specified range of carbon atoms, whether substituted or 
unsubstftuted. The alkyi and akaxy groups nwy be opttonally 
wide variety of substttuents including, for example, alcohols, amines, thiols, 

15 phosphates, haOdes. ethers, esters, ketones, aldehydes, carboxyfic adds, 

amides, cydoaDcyls, and aromatic rings. 

The Invention also relates to the composition of a cyanine dye of the 
present invention norvcovaJentty bound to a nudelc acid sequence, i.e., RNA 
or DNA, which enables the nucleic acid sequence to be analytically detected. 
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The Invention also relates to a method for detecting nudefc adds In a 
sample by contacting the nucleic adds with a fluorescent cyanine dye of the 
present Invention and monitoring the change in fluorescence emission of the 
dye. 

5 DETAILED DFSCRIPTIOM O P THE INVEMTTOM 

The present Invention relates asymmetric cyanine dyes for non- 
covaiently labelling nudeic adds in which the bensot^ 
has been modified to provide improved physical properties to the dye, such as 
longer wavelengths and improved fluorescence enhancement when bound to 
10 DNAorRNA. 

In one embodiment, the present Invention relates to cydized fluorescent 
cyanine dyes generally represented by General Formula I 



Y may be either 6 or O; 

R, and R, are taken together to form a 5, 6. 7 or 8 membered 

ring; 

Rj and Rj may each independently be either hydrogen, C, - C 10 
alkyl, C, - C M atkoxy, or C, - 0* alkylthio; 

Rfl may be a C, - C B alkyl, preferably substituted with one or 
more polar substttuents which preferably indudes one or more positively 




where: 
nte0,1or2; 
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charged atoms, or a cydized fluorescent eyanlne dye of the present Invention, 
i.e., where R, is a linker between two cyeGzed fluorescent cyaninedyes; 

R, and R, may each independently be either H or C M0 aikyi. or 
may be taken together to form a 5 or 6 membered ring, most preferably a 6 
5 membered aromatic ring, optionally substituted wfth C w aikyi or C, - C,„ alkoxy 

groups; 

R, and R, may each independently be either H or C W10 aikyi, or 
may be taken together to form a 5 or 6 membered ring, most preferably a 6 
membered aromatic ring, optionally substituted with C„ aOcyl or C, - C 10 alkoxy 
10 groups; and 

R, 0 may be either H. C M aikyi. C, - C w alkoxy or a fused 

benzene. 

As used above, aikyi and alkoxy refer to any substituent having a carbon 
backbone having the specified range of carbon atoms. The carbon backbone 
15 may form a straight chain, may be branched or may be cycOc. The aOcyl and 

alkoxy groups may be optionally substituted by a wide variety of substituents 
including, for example, alcohols, amines, thiols, phosphates, haOdes, ethers, 
esters, ketones, aldehydes, carboxyOc adds, amides, cydoalkyts, and aromatic 
rings. 

20 The cydized cyanine dyes of the present invention provide the 

advantage over previous cyanine dyes of having higher absorbance and 
emission wavelengths. The cycfized cyanine dyes preferably absorb light at a 
wavelength of at least about 640 ran, more preferably at least about 649 ran 
and emit fluorescence at a . wavelength of at least about 650 run, more 

25 preferably at least about 663 nm. The cycfized cyanine dyes also preferably 

have a positive Stake's shift (A**,,*, - W) of at least about 12 ran. 

In particular, cycfized cyanine dyes having General Formula I where R, 
and Rj are taken together to form a 5, 6, 7 or 8 membered ring have been 
found to absorb Dght and fluoresce when bound to a nucleic acid polymer at 

30 unexpectedly higher wavelengths than has been previously achieved by 

cyanine dyes where R, and R, do not form a ring structure. 
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Fluorescent cyanlne dyes having the General Formula I where R, and R, 
are taken together to form a 7 membered ring have also been found to have 
the greatest Stake's shift 

(*EnMon~ KtJ' 



TABLE 1: Absorbanee and Emission Maxima of Intercalating Dyes 
in PBS with Excess DNA ( [bp]/[dye] « 100) 

COMPOUND 




649 



100X 



654 



654 



667 



672 



100X 



30X 



675 



690 



200X 



641 



655 



100X 



AbSaai - Absorbanee maximum (bound to DNA) 

EmSaax - Emission maximum (bound to DNA) 

F.E - fluorescence enhancement (bound vs. not bound to DNA or RNA) 

• Compound 5 is taught in U.S. Patent No. 5,321.130 to Yue, et al. 
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Table 1 summarizes the absorbanee maximum and fluorescence 
emission maximum wavelengths (both when bound to DNA) of some 
exemplary cycDzed cyanine dyes of the present invention. 

As illustrated in Table 1, ft was found that the addition of a cyclic aliphatic 
side chain to the basic cyanine dye structure, Le., formation of a 5-8 
membered ring by combining R, and R„ was found to increase the absorbanee 
and fluorescence emission wavelengths of the corresponding acyclic cyanine 
dye by about 12 run. For example, as shown with regard to dyes 2 and 6, dye 
2 has an Abs^ at 654 nm as compared to 641 nm and an Ems^ at 667 ran 
as compared to 655 nm. In addition, dye 4 is the longest wavelength 
trimethine intercalating dye yet reported. 

With regard to n,n may equal 1. Accordingly, the present invention 
includes eyefized cyanine dyes having the General Formula II 
(Le. where n = 1) 



whereY,Rf,R,,R»R 4a R s ,R t ,R y ,R a ,R t andR w are as specified above. 

Y may be either 8 or O. and is most preferably S. 

R, and R, may each independently be either hydrogen, C, - C ro alkyl. C, 
- C 10 alkoxy, or C, • C w alkylthio, and are preferably H. 

Re may be a C,- Co alkyl. Since DNA and RNA to which the eyeflzed 
cyanine dyes bind contain negatively charged phosphate backbones, it is 
preferred that Rg be substituted with one or more polar substituents. It Is most 
preferred that R, Include one or more positively charged atoms in the polar 
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substttuent U.S. Patent No. 5,321,130 to Yue, et aL teaches unsymmetrieal 
cyanine dyes having an aminoaikyt chain containing a backbone of 3-42 
carbons and 1-5 positively charged nitrogen atoms. The cationic taQ described 
in U.S. Patent No. 5.321,130 exemplifies one of the positively charged R, 
substituents that may be used in combination wim the cyclic cyantoe dyes of 
the present invention and is incorporated herein by reference. In addition to 
the positively charged R,substttuents described in U.S. Patent No. 5,321.130. 
Rtjte also intended to include aminoaikyl chains including a positively charged 
cyclic aminoalkyi group having 1-5 positively charged nitrogen atc^ 
Alternatively, R, may form part of a linker between two cycttzed 
fluorescent cyanine dyes as Hustrated by General Formula IV 



According to this embodiment, Y, R* R], R* R* R„ R,, R,, R, and are as 
specified above, it should be noted that the two Bnked cyanine dyes may be 
the same or different cyanine dyes. In general, Kb preferred that the linked 
cyanine dyes be the same since different dyes will have different spectral 
properties. 

R, and R, may each independently be either H, alkyi. or are taken 
together to form a 5 or 6 membered ring, most preferably a 5 or 6 membered 
aromatic ring, optionally substituted with Cv, alkyi or C, - C 10 aikoxy groups. 

R, and R, may each independently be either H. C wo alkyi, or are taken 
together to form a 5 or 6 membered ring, most preferably a 5 or 6 membered 
aromatic ring, optionally substituted with C M alkyi or C, - C,„ aikoxy groups. 

In general, it is preferred either R, and R T or R, and R, are taken 
together to form a 5 or 6 membered aromatic ring, optionally substituted with 




IV 
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C M alkyl or C, - C„ alkoxy groups. The R, and R 7 or R, and R, groups that do 
not form the aromatic ring are preferably H. 

Rto may be either H, C M alkyl, C, - C 10 alkoxy or a fused benzene. 
In a particularly preferred embodiment, the cydized cyanine dye has the 
5 General Formula V where the ring formed by R, and Rj Includes a positively 
charged substituent R„ As discussed herein, inclusion of a positively charged 
substituent, such as R^, to a substituent on the positively charged nitrogen on 
the benzothiazote ring improves the net fluorescence enhancement of the dye 
withDNA. 



10 




R37 is a positively charged alkyi substituent which may be attached to any atom 
used to form the 5, 6, 7 or 8 membered ring. R» is more preferably a 
positively charged aminoalkyi substituent For example, R„ can be an 
aminoalkyi chain containing a backbone of 3-42 carbons and 1 -5 positively 
charged nitrogen atoms as described in U.S. Patent No. 5,321,130 to Yue. et 
al. which is incorporated herein by reference. In addition to the positively 
charged substituents described in U.S. Patent No. 5,321,130, R* is also 
intended to include aminoalkyi chains including a positively charged cyclic 
aminoalkyi group having 1-5 positively charged nitrogen atoms. 
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In a preferred embodiment. R,, has the general formula «R n N(R n R w R 91 ) 
where R» is a C M alkyl and R*, R^, and R,, are each Independently a 0^ 
alkyl. 

Table 2 provides examples of some of the preferred cydlzed cyanlne 
dyes. It should be understood, however, that the dyes listed In Table 2 are 
Wended only to exemplify the cycfized cyanlne dyes of the present Invention 
and are not Intended to be limiting. 
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TABLE 2 
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The present invention also relates to fluorescent cyanine dyes having a 
positively charged substituent attached to the positively charged nitrogen on 
the benzothiazole portion of the cyanine dye. These fluorescent cyanine dyes 
are represented by General Formula VI 




VI 



where 

nls 0,1or2; 

Y may be either 8 or O; 

Rfz is a positively charged alkyt substituent more 
preferably a positively charged aminoalkyt substituent; 

RtxRu and R« may each Independently be either 
hydrogen. C, - C w alkyt, - C w alkoxy, or C, - aikytthio; 

Rf 2 and Rn may optionally betaken together to form a 5, 
6, 7 or 8 membered ring; 

R« may be a C, - d» alkyl, preferably substituted with 
one or more polar substftuerrts which preferably includes one or more 
positively charged atoms, or a cydteed fluorescent cyanine dye of the 
present invention, Le. 9 where R« is a linker between two cydized 
fluorescent cyanine dyes; 

Ri 7 and R, g may each independentiy be either H or 
alkyt, or may be taken together to form a 5 or 6 membered ring, most 
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preferably a 5 or 6 membered aromatic ring, optionally substituted 
with Cv, aikyt or C, • C 10 alkoxy groups; 

Rt, and R„ may each Independently be either H or C M0 
alkyl, or may be taken together to form a 5 or 6 membered ring, most 
5 preferably a 5 or 6 membered aromatic ring, optionally substituted 

with C M alkyl or C, - C,„ alkoxy groups; and 

R„ may be either H, C M alkyl, C, - C M alkoxy or a fused 

benzene. 

As used above, alkyi and alkoxy refer to any substituent having a carbon 
10 backbone having the specified range of carbon atoms. The carbon backbone 

may form a straight chain, may be branched or may bo cyclic. The aikyt and 
alkoxy groups may be optionally substituted by a wide variety of substituents 
including, for example, alcohols, amines, thiols, phosphates, haiides. ethers, 
esters, ketones, aldehydes, carboxyflc adds, amides, cydoaikyts, and aromatic 
15 ' rings. 

With regard ton, It is noted that n may equal 1. Accordingly, an 
embodiment of the present invention induces cyanine dyes having the General 
Formula VII (i.e. where n ■ 1) 



20 




where Y, R,,, R* , R*,' R„, R M , R,,, R,,, R,,, R» and R„ are as specified 
above. 
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With regard to dyes having General Formula VI or VII, Y may be either S 
or O and is most preferably S. 

Rtt can be an amlnoalkyl chain containing a backbone of 3-42 carbons 
and 1 -5 positively chained nitrogen atoms as described in U.S. Patent No. 
5 5,321.130 to Yue, et al. which b Incorporated herein by reference. In addition 
to the positively charged substttuents described In U.S. Patent No. 5,321 ,130, 
Ru is also intended to include amlnoalkyl chains including a positively charged 
cyclic amlnoalkyl group having 1-5 positively charged nitrogen atoms. 

In a preferred embodiment Ru has the general formula •R M N(R 9a R M R ll ) 
10 where Is a C w alkyl and R». R*. and R„ are each Independently a 
aQcyL 

In an alternate preferred embocfiment, Rq and R„ are taken together to 
form a 5, 6, 7 or 8 membered ring where the ring includes a positively charged 
alkyl substituent, more preferably an amlnoalkyl chain containing a backbone 
15 of 3-42 carbons and 1-5 positively charged nitrogen atoms as described in 
U.S. Patent No. 5,321,130 to Yue, etaL Dyes of this embodiment may be 
generally represented by General Formula VIII 




where R, 2 and R« represents the atoms necessary to form a 5, 6, 7 or 8 
20 membered ring and Rn is a positively charged substituent, as specified above 
with regard to R^, which may be attached to any atom used to form the 5, 6,7 
or 8 membered ring as represented by R,, and R„. In this regard, these dyes 
are equivalent to the dyes described above having the General Formula V. 
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Ru and R 1S may each independently be either hydrogen, C, - C„ alky!, 
C, - C„ alkoxy, or C, - C w alkytthlo, and are preferably H. 

R„ may be a C, - C^, alkyL Since DNA and RNA to which the cyclized 
cyanine dyes bind contain negatively charged phosphate backbones, K Is 
preferred that R tt bo substituted with one or more polar substituents. It is most 
preferred that R,, include one or more positively charged atoms In the polar 
substituent, such as is specified with regard to R,, above. 

The cyanine dyes according to General Formula VI, Le., dyes where a 
posftivety charged substituent Is positioned off the ritrogen of the 
benzothiazole portion of the dye. provide the advarrtage over previous cyanine 
dyes of exhibiting a skjnificanttylanjer net fluorescence en^ 
DNA than cyanine dyes where a positively charged substituent is positioned at 
R* alone. 

The use of intercalating dyes for staining cell nude! requires that the dye 
itself be membrane-permeable or that a membrane permoabflizing stop be 
incorporated into the sample preparation, in general, dyes with more than one 
charge are not membrane permeable. Methods for enabfirig charged 
molecules and very large molecules into cells include the use of chemicals, 
such as dkjftonin, freeze-thaw ceil iysis steps, or the use of non-ionic 
detergents such as TRITON X-100. For speed and simplicity, ft is preferred to 
add approximately 9mM TRITON X-100. 

The presence of a detergent solution (TRITON X-100) causes significant 
fluorescence enhancement of the dyes as compared to In PBS buffer. An 
increase in detergent-enhanced fluorescence (TS^ro/F^ has the effect of 
decreasing the net DNA enhanced fluore sc ence over detergent-enhanced 
background fluorescence ^aJFvmad. The detergent-enhanced fluorescence 
is believed to increase with increasing hydrophobic^. 
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TABLE 3: Fluorescence Ratios of Dyes In Buffer, 
TRITON X-100 and DNA Solutions 



Etwton/Epw Eona/Epbs EonaZEi 
O^-^b 6-12 100 8 



10 70 

fen* 

8 1.8 70 40 



* Compounds 5 and 7 are taught In U.S. Patent No. 5,321,130 to Yue, et aL 

• Compound 6 is taught in U.S. Patent No. 4,957,870 to Lee, et al. 



Fluorescence enhancement of the dyes upon binding to an excess of 
DNA was found to bo falrty constant regardless of how the quinolinium ring 
side chain was modified (R*). Advantageously, however, it was found that 
inclusion of a positively charged substftuent off the positively charged nitrogen 
of the benzotWazote portion of the dye (General Formula VI) causes the dye to 
exhibit a significantly larger net DNA-enhancement than the positioning of a 
positively charged substftuent at R« alone. As a result, smaller concentrations 
of nucleic adds can be detected using cyanine dyes having General Formula 
VI. 
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For example, Table 3 compares the fluorescence ratios of dyes in a 
saline buffer, a detergent (TRITON X-100) and in a DNA solution. Dye 
solutions (1.0 uM) were prepared in phosphate buffered saline (PBS), in PBS 
with TRITON X-100 (9mM). and in PBS with double-stranded DNA (100uM). 

Table 3 shows the effect of various side chains on the fluorescence 
background in TRITON X-100 (8mM). As illustrated in Table 3, the net DNA 
enhanced fluorescence over detergent-enhanced background fluorescence 
(^ona^twton) was found to be a factor of 5 greater in dye 8 than in dye 7. This 
result is unexpected since the net charae of 3* b the same for bom dyes 7 and 
8. tt appears that both the location and quantity of charges affect the 
fluorescence enhancement of the dyes. 

The cyanine dyes according to General Formula VI preferably absorb 
DgWatawaveleriQthofatlea8tabout640nrn, more preferably at least about 
649 ran and emit fluorescence at a wavelength of at least about 650 ran. more 
preferably at feast about 663 ran. The cyanine dyes also preferably have a 
positive Stake's shift (U. - W) of at least 11 ran. 

Table 4 provides examples of some of the preferred cyanine dyes having 
General Formula VI. It should be understood, however, that the dyes listed in 
Table 4 are Intended only to exemplify the cyanine dyes of the present 
Invention and are not Intended to be limiting. 



-20 - 

SUBSTITUTE SHEET (RULE 26) 



WO 97/17076 



PCT/US96/17942 



TABLE 4 
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The present invention also relates to the use of the eyanine dyes having 
General Formulas I, II. IV, V, VI, VII or VIII to form compositions for detecting 
the presence of nucleic acids in a sample, in general, the compositions 
include a eyanine dye according to the present invention non-covalentiy bound 
5 to a nucleic add, Le.. DNA or RNA. 

The fluorescence of the eyanine dyes of the present invention 
significantly increase when bound to a nudeic add. As a result, it ts possible 
to qualitatively or quantitatively determine the presence of nudeic adds in a 
sample by monitoring the change in the fluorescence intensity of the dye at a 

10 wavelength corresponding to the composition of the dye bound to the nucleic 
adds. Use of eyanine dyes in general for detecting the presence of nucleic 
acids in a sample is known in the art. A discussion regarding the use of 
eyanine dyes to detect the presence of nudeic adds in a sample is provided in 
U.S. Patent No. 5,321,130 to Yue, et ai which is incorporated herein by 

15 reference. 

The present invention also relates to a method for detecting nucleic adds 
by contacting the nudeic adds with a eyanine dye of the present invention. 
According to the method, a sample cf nudeic adds are contaded with a 
eyanine dye of the present invention in order to form the composition of a 

20 eyanine dye rwn-covalentiy bound to a nudeic add sequence. After the dye- 
nucleic add sequence composition is formed, the bound dye is exposed to 
Oght having a wavelength near an absorbance maximum of the dye when 
bound to a nudeic add sequence. The resulting fluorescence emission of the 
dye is then detected in order to qualitatively or quantitatively determine the 

25 presence of nudeic adds in the sample. 
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E»ampta1' Pfftna fgHan of Compound 4 



1a. 
Bromide 



Preparation of 2,3-Telramethylenenaphthp, 1 -dJthlazoBum 



9* 




SH 

NH2 a 



2-AmlnonaphthaJene-1-thlol was prepared by the method of Ambrogi, et 
aL (Ambrogi, V.; QrandodnJ, G.; PerloB, L; Rossi, C. Synthesis, 1992. 7, 658- 
8.) 2^Aminonaphthalene-14hiol (0.14 g, 0.8 mmol) and bromovaleryl chloride 
(0.48 g. 2.4 mmoO were combined and heated to 100* for 1 h, then to 50*0 
overnight TherestrtlrigsoMwaswasriedwImaosto^ 
provide a white solid (0.16 g, 0.5 mmol. 60% yield). 
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4-(2--AcctanBkiovinyl)-1 X3Mociopropyt)-<^rfnaBrtum Iodide (prepared by 
the general method of Brooker, et aL J. Am. Cheat Soc 1841, 63, 3192-3203; 
32 mg, 63 pmol), 2>«etiwiietrw»enenaprilhl^ bromide (20 mg, 

63 prnoJ), triethytamlne (40 ^L) and ethanol (1 nU.) were combiried and refluxed 
for 20 min. The dark blue so6d was recrystaffized sequentially from 
teopropanol and ethanol to provide a purple soQd (12 mg, 30% yield). HPLC 
analysis on a C8 reverse-phase column using gradient etution of 40% to 80% 
acetonitrfJe vs. 0.1 M trietriytammonium acetate buffer showed one major peak 
at 16 min. 



1c. Preparation of Compound 4 




lodoNAPS (2 mg, 3 j/nol) was dissolved in dimethytformamlde. 



Trimethyiamine was bubbled through the solution. The reaction was monitored 
by dim layer chromatography on silica gel with methanol as the eluant The Rf 
values of lodoNAPS and compound 4 were 0.5 and zero, respectively. After 
30 min, reaction was complete. The solvent was evaporated and the residue 
partitioned between methylene chloride (CHjCy and water. The aqueous 
layer was washed with 2 x 1 mL CH,Clj and concentrated to dryness. HPLC 
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analysis with the same gradient that was used with iodoNAP6 showed one 
broad peak at 7.2 min with no apparent starting material. The absorbanee 
maximum of compound 4 in methanol was at 667 run. 

Example 2: BttmafigMtfiflnBQUBlg 



2a. Preparation of 1'. 1"-(3\ 3^Blslod<>Dropy0^hia-4-cart^ 
Iodide 



1'^-tedoDropyl)-2^^cetanffidoviny^^ iodide (15 mg, 26 

^°0. 1'K3*-ioaopropyi>quir»oBnium iodide (15 mg. 34 *moQ, triethytamine (50 

and methanol (1 mL) were combined at room temperature. A blue 
precipitate fanned immediately. The reaction mixture was centhfuged and the 
residue washed with methanol and bopropanol and air-dried to provide a dark 
soOd (15 mg, 20j*nol, 77% yield). 




.26- 

SUBSTITUTE SHEET (RULE 26) 



WO 97/17076 



PCT/US96/17942 



2b. Preparation of Compound 8 




1\ 1"-(3\ 3 , -6isiodopropylHhia-4«an^ocyanino iodide (15 mg, 20 pmo!) 
was dissolved in DMF and tnmethylamine bubbled through the solution.' Tha 
reaction progress was monitored by TLC on reverse-phase plates with 1:1 
5 dimethyff0nnamJde:4 M NaCI as duant The Rfs of the bisiodo started 
material and the Wsammonium satt were 0 and 0.8. respectively. The 
intermediate morwammonium salts could also be resolved, at Rfs of 0.7 and 
0.6. After 30 mto the reaction was complete. The solvent was evaporated. 
The absorbance maximum of compound 8 in DM80 was at 639 nm 

10 White the present invention is disclosed by reference to the preferred 

embodiments and examples detafled above, it is to be understood that these 
examples are intended in an fflustrative rather than Smiting sense, as it is 
contemplated that modifications wffl readBy occur to those sWIled In the art, 
which modifications wtD be within the spirit of tiie invention and the scope of the 

15 appended claims. 
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What is claimed is: 

1 . A fluorescent cyanine dye having the general formula 




wherein: 

nte0,1or2; 

Y is selected from the group consisting of S and O; 
Rnlsa positively charged aOcyl substituent; 
Rft, Ru and Ru are each independently selected from the group 
consisting of hydrogen, C t -C to aDcyl, C, -C w aIkoxy, and C, - C w alkytthio; 
R,« isaCf-Caoalkvi; 

R^andRt, are each independently selected from the group 
consisting of H and C vw aflcyl, or are taken together to form a 5 or 6 membered 
ring; 

Rm and R^ are each independently selected from the group 
consisting of H and C^o alkyl, or are taken together to form a 5 or 6 membemd 
ring; and 

Rst is selected from the group consisting of H, C*« alkyl, C, - C 10 
atkoxy and a fused benzene. 

2. The fluorescent cyanine dye of dalm 1 wherein R„ Includes an 
aminoalkyl chain containing a backbone of 3-42 carbons and 1-5 positively 
charged nitrogen atoms. 
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1 3. The fluorescent cyanine dye of dalm 1 wherein R„ is a positively 

2 • charged cyclic amtnoatkyl group having 1-5 positively charged nitrogen atoms. 

1 4. The fluorescent cyanine dye of claim 1 wherein R„ has the 

2 general formula •R^(R a R^ M ) where Rate a C^alkyl and R a ,R M ,andR, 1 

3 are each independently a C um alkyl. 

1 5. The fluorescent cyanine dye of claim 1 wherein Y is S. 

1 6. The fluorescent cyanine dye of dalm 1 wherein Y Is O. 

1 7. The fluorescent cyanine dye of daim 1 wherein and R,, or R, 9 

2 and R& are each H. 

1 6. The fluorescent cyanine dye of daim 7 wherein and R„ or R,, 

2 and R^ are taken together to form a 5 or 6 membered ring. 

1 9. The fluorescent cyanine dye of daim 8 wherein the ring formed 

2 by R, T and R,, or R,, and Rjo is a 6 membered aromatic ring. 

1 10. A fluorescent cyanine dye having the general formula 
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3 wherein: 

4 Yb selected from the group consisting of S and O; 

5 R«isa positively charged alkyl substituent; 

6 Rtj, R, 4 and R, 5 are each independently selected from the group 

7 consisting of hydrogen. C, - C 10 alkyl, C, - Cto atkoxy, and C, - C, 0 aOcyHhio; 

8 Rk is a C, • Cao alkyl; 

S Rir and R,, are each independently selected from the group 

10 consisting of H and C. M alkyl, or are taken together to form a 5 or 6 membered 

11 ring; 

12 RitendRa are each independently selected from the group 

13 consisting of HandC vt0 alkyl, or are taken together to form a 5 or 6 membered 

14 ring; and 

15 R», is selected from the group consisting of H, C M alkyi, C, - C 10 

16 atkoxy and a fused benzene. 

1 H- The fluorescent cyanlne dye of daim 10 wherein R,, includes an 

2 aminoalkyl chain containing a backbone of 3-42 carbons and 1-5 positively 

3 charged nitrogen atoms. 

1 12. The fluorescent cyanlne dye of daim 10 wherein R^ is a 

2 positively charged cyclic amlnoaJkyi group having 1-5 positively charged 

3 nitrogen atoms. 

1 13. The fluorescent cyanlne dye of claim 10 wherein R,j has the 

2 general formula -RaNfRaRsoRn) where R* te a C M alkyl and Ra, Ra, and R* 

3 are each independently a alkyl. 

1 14. The fluorescent cyanine dye of daim 10 wherein Y Is S. 

1 15. The fluorescent cyanine dye of daim 10 wherein R,, and R„ or 

2 Ri t and R„, are each H. 
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1 16. The fluorescent cyanine dye of claim 15 wherein R n and R, s or 

2 Rtt and Rjo are taken together to form a 5 or 6 membered ring. 

1 17. The fluorescent cyanine dye of daim 16 wherein the ring formed 

2 by R, T and R tl or and is a 6 membered aromatic ring. 

1 18. A fluorescent cyanine dye having the general formula 



3 wherein: 

4 nb0.1or2; 

5 Y to selected from the group consisting of S and O; 

6 and R„ represent the atoms necessary to form a 5, 6. 7 or 8 

7 membered ring; 

8 R„ and R„ are each independently selected from thegroup 

9 consisting of hydrogen, C, - C M alkyl, C, - C w alkoxy and C, - C, 0 alkytthlo; 

10 Rm is a C, - Ck alkyl; 

11 Rn and R„ are each independently selected from the group 

12 consisting of H and Chalky!, or are taken together to form a 5 or 6 membered 

13 ring; 
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14 R,, and R* are each Independently selected from the group 

15 consisting of Hand C vw alkyl, or are taken together to form a S or 6 membered 

16 ring; 

17 Rj, is selected from the group consisting of H, C w alkyl, C, - C 10 

18 alkoxy and a fused benzene; and 

19 RjrteaposithrelycturgedaJkylsu^ may be 

20 attached to any of the atoms forming the 5, 6, 7 or 8 membered ring as 

21 represented by Rj,. 

1 19. Tr» fluoresced cyanine aye erf (±iim 1 8 wherein R„ Includes an 

2 aminoalkyl chain containing a backbone of 3-42 carbons and 1-5 positively 

3 charged nitrogen atoms. 

1 20. The fluorescent cyanino dye of dalm 1 8 where In R^ is a 

2 positively charged cyclic aminoalkyl group having 1-5 positively charged 

3 nitrogen atoms. 

1 21. The fluorescent cyanine dye of dalm 18 wherein has the 

2 gerwraifomwla-R^Rj^oR^wh^ 

3 are each Independently a C V10 alkyl. 

1 22. The fluorescent cyanine dye of claim 18 wherein Y is S. 

1 23. The fluorescent cyanine dye of daim 18 wherein R, T and R„ or 

2 R,, and R» are each H. 



24. The fluorescent cyanine dye of claim 23 wherein R 17 and R,, or 
R,, and R*, are taken together to form a 5 or 8 membered ring. 

25. The fluorescent cyanine dye of dalm 24 wherein the ringformed 
by R, T and R,, or R,, and R^ is a 6 membered aromatic ring. 
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1 26. A composition comprising: 

2 a fluorescent cyanlne dye noncovalentty bound to a nudeic add polymer, 

3 the fluorescent cyanine dye having the general formula 




5 wherein: 

6 nlsO.lorS 

7 Y is selected from the group consisting of s and O; 

8 R, 2 is a positively charged alky! substituent; 

8 R«, R„ and R„ are each independently selected from the group 

10 consisting of hydrogen, C, - C,,, aBcyi, C, - alkoxy and C, - C 10 afcytthio; 

11 R„ b a C, - Cs, aflcyt; 

12 Rrr and R„ are each independently selected from the group 

13 consisting of H and aikyt, or are taken together to form a 5 or 6 membered 

14 ring; 

15 R„ and Rjg are each independently selected from the group 

16 consisting of H and CMoSJkyi, or are taken together to form a 5 or 6 membered 

17 ring; and 

18 R„ is selected from the group consisting of H, C M alkyl, C, - C 10 

19 alkoxy and a fused benzene. 
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27. The composition of daim 26 wherein R,, includes an amfnoalkyi 
chain containing a backbone of 3-42 carbons and 1-5 positively charged 
nitrogen atoms. 

28. The composition of daim 26 wherein R„ is a positively charged 
cyclic aminoatkvi group having 1-5 positively charged nitrogen atoms. 

29. The composition of daim 26 wherein R,, has the general formula 
-RaNfRgaRjeRu) where R* is a C M aHcyl and R^, R^, and R*, are each 
independently a aOcyL 

30. The composition of daim 26 wherein Y Is S. 

31 . A composition comprising: 

a fluorescent cyanlno dye noncovalentty bound to a nudeic add polymer, 
the fluorescent cyanlne dye having the general formula 




wherein: 

Y is selected from the group consisting of S and O; 
R„ is a positively charged alkyi substituent; 
R„, R 14 and R„ are each independently selected from the group 
consisting of hydrogen, C, - C 10 alkyi, C, - C 1B alkoxy and C, - C 18 alkylthlo; 
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10 R„ b a C, - Co alkyl; 

11 Rit and R* are each Independently selected from the group 

12 consisting of H and C w alkyl. or are taken together to form a 5 or 6 membered 

13 ring; 

14 R« and R» are each independently selected from the group 

15 consisting of H and C M0 alkyl. or are taken together to form a 5 or 6 membered 

16 ring; and 

17 R« b selected from the group consisting of H, C M alkyl, C, • C 10 

18 alkoxy and a fused benzene. 

1 32. A composition comprising: 

2 a fluorescent cyanlne dye noncovalentiy bound to a nudeic add polymer, 

3 the fluorescent cyanlne dye having the general formula 




5 wherein: 

6 n is 0,1 or 2; 

7 Y is selected from the group consisting of S and O; 

8 R« and R„ represent the atoms necessary to form a 5. 6. 7 or 8 

9 membered ring; 

10 R14 and R„ are each independently selected from the group 

1 1 consisting of hydrogen. C, - C„ alkyl, C, - C 10 alkoxy and C, - C 10 alkylthio; 

12 R,, is a C, - C» alkyl; 



-35- 

SUBSTITUTE SHEET (RULE 26) 



WO 97/17076 



PCT/US96/I7942 



13 R^and^ae each independently selected from the group 

14 consisting of H and alkyt, or are taken together to form a 5 or 6 membered 

15 ring; 

16 Rtt and R» are each independently selected from the group 

17 consisting of Hand Crafty!, or are taken together to form a 5 or 6 membered 

18 ring; 

19 R„ is selected from the group consisting of H, C« alkyl, C, - C 10 

20 alkoxy and a fused benzene; and 

21 Rj7 is a positively charged aOcyl substituent which may be 

22 attached to any of trie atoms forming the 5, 6. 7 or 8 membered ring as 

23 represented by Ru and R,,. 

1 33. A method for detecting a nucleic add sequence comprising: 

2 contacting a nudeic acid sequence with a fluorescent cyanino dye to 

3 form a rx>ncovalently bound dye-nudek: add composition, the fluorescent 

4 cyanine dye having the general formula 




7 wherein: 

8 nis0.1or2; 

9 Y is selected from the group consisting of S and O; 
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10 R« is a positively charged alkyi substttuenfc 

11 Rt» and R^ are each Independently selected from the group 

12 consisting of hydrogen, C, - C, 0 alkyi, C, - C, 0 alkoxy and C, - C 10 alkytthio; 

13 R,, isaC, -Cnalkyi; 

14 R, y and R„ are each independently selected from the group 

15 consisting of H and C vt0 alkyi, or are taken together to form a 5 or 6 membered 

16 ring; 

17 R, t and Rs are each independently selected from the group 

18 consisting of Hand Chalky!, or are taken together to form a 5 or 6 membered 

19 ring; and 

20 R,, is selected from the group consisting of H, C M alkyi. C, - C 10 

21 alkoxy and a fused benzene; 

22 exposing the fluorescent cyanine dye bound to the nucleic acid sequence 

23 to light the fluorescent cyanine dye absorbing the Bght and producing a 

24 fluorescence emission; and 

25 detecting the fluorescence emission. 

1 34. The method of daim 33 wherein R„ includes an aminoalky! chain 

2 containing a backbone of 3-42 carbons and 1-5 positively charged nitrogen 

3 atoms. 

1 35. The method of daim 33 wherein R«te a positively charged cycfic 

2 aminoalky! group having 1-5 positively charged nitrogen atoms. 

1 36. The method of daim 33 wherein R,, has the general formula - 

2 R»N(R2»R»Rji) where R» is a C M aflcyl and R^, R*,. and R,, are each 

3 independently a C vt0 alkyi. 

1 37. The composition of daim 33 wherein Y is S. 

1 38. A method for detecting a nudeic add sequence comprising: 
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contacting a nudeic acid sequence wfth a fluorescent cyanlne dye to 
form a noncovaJentfy bound dye-nudelc add composition, the fluorescent 
cyanine dye having the genera) formula 




Y is selected from the group consisting of S andO; 
Rt, is a positively charged atkyt substttuent; 
Ro.R„ and R„ are each independently selected from the group 
consisting of hydrogen, C, - C, e alkyi, C, - C„ alkoxy and C, - C t0 alkytthio; 
R,, Is a C, -Chalky!; 

Rft and R,, are each independently selected from the group 
consisting of H and C vw aJkyi or are taken togetriertofbfma5or6membered 
ring; 

Rt, and R,, are each independentty selected from the group 
consisting of H and C v « alkyi, or are taken together to form a 5 or 6 membered 
ring; and 

R*,te selected from the group consisting of H, C M alkyi, C, - C 10 
alkoxy and a fused benzene; 

exposing the fluorescent cyanlne dye bound to the nudelc add sequence 
to light, the fluorescent cyanlne dye absorbing the light and producing a 
fluorescence emission; and 
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24 detecting the fluorescence emission. 

1 ' A method for detecting a nucleic add sequence comprising: 

2 contacting a nudeic add sequence with a fluorescent cyanine dye to 

3 form a rtoncovaterrtiy bound dye-nudek: add composition, the fluorescent 

4 cyanine dye having the general formula 




6 wherein: 

7 nis0.1or2; 

8 Y Is selected from the group consisting of SandO; 

9 Rn and Rn represent the atoms necessary to form a 5, 6. 7 or 8 

10 membered ring; 

11 Rm and R„ are each independently selected fromthegroup 

12 consisting of hydrogen, C, - C w alkyi, C, - C tt aflcoxy and C, - C„ alkylthio; 

13 R„ is a C, - Ca, alkyi; 

14 Rtr and R„ are each Independently selected from the group 

15 consisting of HandCwoalkvl. or are taken together to form a 5 or 6 membered 

16 ring; 

17 R,, and Rjo are each independently seieded from the group 

18 consisting of H and C wo alkyi. or are taken together to form a 5 or 6 membered 

19 ring; 
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20 R„ is selected from the group consisting of H, C M alkyl, C, - C, e 

21 aDcoxy and a fused benzene; and 

22 R^b a positively charged alkyl substrtuent which may be 

23 attached to any of the atoms forming the 5, 6, 7 or 8 numbered ring as 

24 represented by Ru and Rn; 

25 exposing the fluorescent cyanbiedye bound to the nucleic add sequence 

26 to Dght the fluorescent cyanine dye absorbing the Dght and producing a 

27 fluorescence emission; and 

28 detecting the fluorescence emission. 
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